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ABSTRACT
&

U. 8. Naval Research Laboratory Memorandum Report numher 1205
presonied the results of tuitial acoustic teuts with the interim ARTEMIS
source array. This report describes additional tests which wers con-
ducted on the same array but with the acoustic precsure release aystem
removed, Displacement amplitude and phase of 23 of the 144 trans-
ducor alements were maasured for frequencies in the band from 250 to
£00 cycles per second. The tests reveslvd that displacement amplitude
and phase varied widely with element position and operating {frequency.
The ulements on tho array edges tonded to have higher displacement
amplitudes and phase disvontinuities than innur elements.

PROBLEM AUTHORIZATION

ONR NR 287 002 (Spucial)
NRL Problem Number 55802-11 '

PROBLEM STATUS

This is an interim report on one phase of the project. Work is !

continuing. !
v SN ;
-0 ;
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|
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INTRODUCTION

An array of 144 slectromagnetic tranaducer slernents was installed on
the USNS MISSION CAPISTRANO (T-AQ 162) for the purpose of deter-
mining its acoustic performance. U. 8. Naval Research Laboratory
Mumorandum Report 1205 prasented the results of the initial acoustic
tests. In the period following these tests the transducer was oparated
at limited power in propagation experiments. At that time certain mal-
functions occurred in the pressure release nystem which indicatcd that
further study of the motional rharacteristics of the array was required.

During the initial tests accelerometers had bean attached to two elements
of the transducer array, Although it was recognised that a wider sam-

pling was desirable, time did not psrmit relocation of the accelerometers.

With the pressure rel:ase wystem in place it is necessary to revurse »
transducer slement i1 its mounting in order ' attach ar aLce gt ~netur,
This is a laborious and time-consuming procedure, .n ue-l:* to tacili-
tate a wider sampling of element displacaiments, the pres:..e rolense
tubes were removes from the transducer for the tests dedcrited in this
report, Thus, accelerometers could be attached without reversal of
the elements. With the tubes removed, radiation was no longer con-
fingd to the forward direaction.

The transducer slements composing the array are typs TR-11C manu-
factured to NRL spacification by Massa Division, Cohu Electronics,
Incorporated, They are variable reluctance type units. EKach slement
is 11-1/8 inches square on the radiating face and 11-3/4 incheu daep,
They are assembled in modules six elemaents wide by twelve slements
high. Two such modules were installed on the array structurs {orming
an array composad of 144 clove-packed transducer elements, approxi-
mately onu wavelength square at the resonant frequency. The installa-
tion is shown in Figure 1.

The six slements in each muodule row were connected in series
slectrically and the twelve rows were connected in parallel. The two
madules were then connected in parallel in an oil-filled junction box.
Thus the array consisted of 24 paraliel groups of six series elemants.
The dc polarizing power as well as the ac power was supplied to this
grouping.

PURPOSE

The purpose of this experiment was to obtain informatior regarding

.. olemengyheplacement amplitude and phase as a function of frequency

* wgiiamage
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and gloment position in the array, While time did not permit the
sampling of each of the [44 elaments, an attempt was made to obtain
1 re2sonable sample which would be indicative of the behavior of the
entire arrav, Acoustic reswponse on the reciprocal acoustic axis as
well a3 the array impedance were also measured for the purpose of
monitoring the transducer performance.

EXPERIMENTAL PROCEDURE

Experiments were conducted during the period of 27 to 28 June 1961 in
the Chesapeake Bay near Cape Charles, Virginia, in a water depth of
90 foet, When operating, the array was submerged to a depth of 36
feot at its center.

Polarising powet at ten amperes per slement was supplied by a diesal-
driven generator. 8ignal current was supplied from a 1300 kilowatt
Ling ampliifier,

Instrumentation was providad to measure thy input paramaeters of de
polarising current, ac current, voltage, power and frequency, Two
accelerometary walte employed to measure the displaceament amplitude
and phase at the radiating faces of the transducer elements and a moni-
tor hydrophone located 17 feet on the back center-line of the array
measured the acoustic field at that point. Although this hydrophone was
at the furthest point on the array structure back of the two modules,

it must be rocognized that veflection interference from structural mem-
bars might wnll affuct the accuracy of measurements at this point. The
proximity of bottom, surface and ship's hull boundaries undoubtedly
affect the acoustic field,

Displacement data were obtained by means of a pair of R104 accelero-
maters which were screwed into tappedholes on the rear faces of the
transducer elements, The displacement amplitude and phase of two
r.lements were measured «s a function of frequency in each data run.

At Ltha conclusion of «ach run the array structure was rajsed and the
accelerometers 1epositionad. The accelerometers have been calibrated
toth \n air and in water. The latter has involved both an acoustic and
nondcoustic amb'ent, The output of these units was not affected by the
ambiant conditions,

EXPERIMENTAL RESULTS

Twelve data runs were completed, In each run the ac voltage, current,
and power as well as the acculeromaeter and hydrophone outputs were
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measured and recorded as the frequency was varisd {n 22 incd®fhents
from 230 to 600 cycles per second, The phass of sach accelerometer
output relative to the driving oscillatar voltage was sstimated to the
nearest ten degrees by observing an oscilloscope presentation with
triggered sweep.

]
An ac current of 10.4 amperes and a dc polarising current of 240
amper~s were used throughout all runs. During tne first #un, data
were aleo obtained with ac currents of 5.2 and 15.6 amperes, However,
all of the statistical information presented in this report is taken from
data obtained with 10.4 ampares alternating current, The two accelero-
meters were repositioned after sach run so that displacement data were
obtained for 23 transducer slements with one slement being sampled
twice, Figure 2 illustrates the vlement positions that were sarapled.
Note that the rows of slements are numbered one through twelve frum
top to bottom, and the columns {rom one thraugh six from left to right
for each module. Module serial numbar six {s on the left and five on
the right as one faces the array. An individual element position is
designated by three numbers, Thu first indicates the module, the
second the row, and the third the column, For example, eloment posi-
tion number 6-5-) is in module number six, row five, column threes,

Figures 3, 4 and 8 are plots of the resistive, reactive and total tranee
ducer impedance respectively, Values are for the entire 144 elemaent
array snd are the arithmatic means of the data for each of the twelve
runs, The data are plotted at nominal values of frequencies although
measured values varied as much as 0, 5 cycles per sacond, The
vertical lines indicate the separation between maximum and minimum
values of amplitude and thus the spread in data, Figure 6 ic a vector
impedance locus diagram for these same values, It is avident fromthe
data on Figures 3, 4 and b that there are many sscondary resonances.
In addition to those shown, which may be of even higher amplitudc than
indicated, there probably are others at those frequencies whore there
is & large spread in da:a for the twelve runs,

Figures 7a through 9b illusteate transducer displacement along columne
th ee and six and row seven in module number six. The location of
these slements is as illustrated in Figure 2. It is to be noted that, in
general, the outer edge slements tend to have large diaplacemants
relative to those in the remainder of the module, and adjacent slements
often have remarkably different displacements. Figure 10, in which
the displacements are averaged for all frequencies in each column and

3 CONFIDENTJAL
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row, illustrates the tendency .or high displicements of outer elements,
In the third column the inner elements have soemewhat higher displace-
ments than those of the sixth column or seventh row, However, all of
these ¢vlements are in only the third position from an vuter edye.

It should be kept in mind that while each element in a row is driven by
the saine current due to series connectinn, the current for any one row
might be quite ditferent than In other rows. For instance, all of the
elements in an ourer edge row experience a different loading than those
in inner rows. Al certain frequencies, the total impedarce of an outer
row could be far different from that of an inner row and thus be driven
bv a lesser or greater current, In general, it would be reawnonable to
expect the poorly loaded outer rows tu have relatively high impedances.

The phase distribution, as illustrated in Figures 1lla through 13b, is
extremely random and whows litth: consistent pattern except that the
outer elements, in most cases, vxhibit a large phase whift relative to
the adjacent element. It should be noted that, in several instances,
adjacent vlemants display a full 180 degrees phase differunce,

To demonstrate the decree of repeatability of the phase and amplitude
data, the same accelerometer was attached to wlemant position number
v-7+6 on two different runs. The results of the two runs are plotted in
Figure !4. The agreemeut appears to be excellent with the exception
of the phase data for the \ires highest frequencies.

There appears to be no similarity between the data taken at geometri-
cally similar element positionn, Element positions 6-6+3 and 6-7.3,
6-0-6 and 6-7<6, as well as 6-2-3 and 6-8-3 are in nymmotric pouitions
but it can be aeen from Figares 7, 8. 11 and 12 that there is no corres-
ponding correlation in phase or amplitude. Pomitions 6-1-1 and 3-1-6
are also symmetric and displacetnent amplitude for these two positions
differed widely. However, the difference, in this case. is not conclu-

sive since the element in position 8-1-6 showed evidence of having &
broken spring.

The large uisplacement amplitudes evidenced by certain elements at
some frequencies suggest that the acoustic loading is low, In order tn
obtain an average value of transducer loading, an rmu displacement
amplitude for all measured elements \'as computed al vw:h vperating
frequency., These values are plotted as a function of freguency in
Figure 1%, From monitor hydrophone measurements the radiated power

4 CONFIDENTIAL
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was computed at each frequency. Thess values are based on a bedt
estimate of dirsctivity index at each frequency since no dirsctivity pat-
torns were measured, f unity pC loading and uniform velocity over

the transducer face were assumed, the transducer displacemant wouyld
be as indicated by the curve in Figure 15, The latter values of displace-
ment appear to be spproximately 20 decibels below the measured valuvs,
The elfective average loading is, therefore, 0.1 nC.: As stated pre.
viously, the monitor hydrophone meaourements Ave questionable due te
the proximity of large structural members and surface boundaries to

the hydrophons. The compuied value of loading also depends on the
assumed directivity index. Distortion of the acoustic directivity pat.
tern, caused by the varying velocity distribution over the face of the
array, could result in a change in the directivity index from the ideal-
ined value, Because of these factors, the computed acoustic loading
could be in considerable error, Figure 18 {llustrates that the resonant
frequency of the array is lower than 400 cycles per second wheraeas it

had been slightly above 400 cps when aquash tubs reflectors were used,

At the conclusion of the tests, sach slemont was checked to detarmine
whaether failure hiad occurred during the prior period of operation., As
a result of this test, it was found that 47 of the J44 elements were
probably damaged. Figure 16 illustrates the pattarn of the damaged
elaments. Each darkened square rapresents an slement which shows
avidence of being damaged. It can be seen that the pattern is random,
It iz not known when thia damage occurred. While most of the tests
described in this report were performed at ten amperes ac drive cur-
rent, currents &s high as 15 amperes were used in the first run. The
propagation expuriments which preceded these tasts were conducted
with 25 amperes current. Twanty«five ampares corresponds to &« maxi-
mum total power input of approximately twenty kilowatts at resonance,
or an avarage input power of 140 watts per sloment,

Tho elements displayed varying degrass of damage which might
indicate one or mnre broken springs,

During the propagation experimonts a numbar of the squashed tubes
fajled in fatigue and ware replaced. In some positions, tht tubes failed
repeatsdly. The positicus in which tubes failed and the nusr .ber of times
they failed in that position are indicated in the {ullowing tabia,

L CONFIDENTIAL
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Jumber of Tubs Failures
Row Module b Module 3
1 7 1
2 - 1
9 . 1
12 .
CONCLUSIONS

Tents of the interim 144 elemueat ARTEMIS array indicute that the
displacement amplitude and phase of individual elements vary widaly
with slement position and crarating frequency. Elements on the outer
edge tend to have high valuse of dis, '“cermant and large phase discon-
tinuitias relative to nesrby 4s well as inne? slamants. The phave and
amplitude distributio~. otha: wise appears quite random and variations
are disturbingly large. The avuruge Jisplacement is large, indicating
poor acoustic louding, perhaps as low as 0.1 pC when radlating from
buth (aces of the array., A pussible caune of the velocity variation is
the samall dimensions relative to & Javelength of the individual trans-
ducer slsmaeants, inor varwaticny in displacement. caused by differ-
ences in individual elements or by normal pressure patterns. would be
intensified by a resultant unloading of individual nlerments. The slactri-
cal series connaction in element rows would further heighten the
velocity variation bv causing & relatively unloaded element to absord
more power by resson of its increased impedance, Othar effects such
as acoustic short circuiting via water circulation batween adjacent
elemants might play & zole, It is not krown f the affects will persist
in larger arrays. The princ.pal causua of the valocity variations are
not distinguishtable at this tirne and the nead for further experimenta-
tion is indicated. Thase experiments should bu cunductad with an array
having the dimension of *ha linal configuration since array sise might
be inflaential,
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MODULE 6 MODULE &
11O O o I O
2! O o Ol 2
3 O_- Oo]3
4 o O] 4
5 @) Ol 5
6 o O 6
rfo]lolo|o|o|O]|
8 3 0|0 8
9 9
10 10
T ¥
12 12
I 2 3 4 5 6 | 2 3 4 85 ¢
Fiy. 2 - Element positions in the two module array. The
virrles indicatethose clementsto whichacceleremeotershad
been attached,
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(c) “Project ARTEMIS High Power Acoustic Source Third Interim Report on
Acoustic Performance”, A.T. McClinton, R.H. Ferris, Sound Division, NRL
Memo Report 1273, 23 April 1962 (U)

(d) “Project ARETMIS High Power Acoustic Source Effect of Transducer
Element Electrical Connection on Interaction in a Consolidated Array”, A.T.
McClinton, Sound Division, NRL Memo Report 1323, 4 June 1962 (U)
(e) “Test of Project ARTEMIS Source”, R.H. Ferris, Sound Division, NRL
Memo Report 1648, 15 September 1965 (U)

(f) “Power Limitations and Fidelity of Acoustic Sources”, R.H. Ferris and F.L.
Hunsicker, Sound Division, NRL Memo Report 1730, November 1966 (U)

(g) “Project ARTEMIS Acoustic Source Acoustic Test Procedure”, R.H. Ferris
and C.R. Rollins, Sound Division, NRL Memo Report 1769, 5 June 1967 (U)

(h) “Calibration of the ARTEIS Source and Receiving Array on the Mission
Capistrano”, M. Flato, Acoustics Div., NRL Memo Report 2712, Dec 1973 (U)

(1) “Theoretical Interaction Computations for Transducer Arrays, Including the
Effects of Several Different Types of Electrical Terminal Connections”,

R.V. Baier, Sound Division, NRL Report 6314, 7 October 1965 (U)

(§) “Project ARTEMIS Acoustic Source Summary Report”, NRL Report 6535,
September 1967 (U)

. References (a) thru (j) are a series of reports on Project ARTEMIS Reports by the Sound
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The technology and equipment of reference (a) have long been superseded. The current

value of these papers is historical



3. Based on the above, it is recommended that reference (a) be available with no restrictions.
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